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The Banco de España disseminates its main reports and most of its publications via the INTERNET at the following website: http://www.bde.es. between those who consider that intangibles are costly [Cummins (2004) ] and those who believe that they are free [Brynjolfsson, Hitt and Yang (2002) ]. This paper will use the term immaterial to refer to assets resulting from R&D, advertising or IT, and will reserve the word intangibles for assets built as sub-products of the regular production and investment activities of firms. (2000) present an excellent analysis of the debate around intangibles and the stock market valuation of firms. See also Nakamura (1999) and Lev (2001) . 2. Griliches (1981) is considered the pioneering work in evaluating the economic return from intangibles around R&D expenditures and patents. The work continued with Hirschey (1982) who evaluated the return of R&D and advertising; Jaffe (1986) , who added measurement of spill over effects; and Hall (1993) , who examined the change of return on investment in R&D over time. Later, interest shifted to the evaluation of returns from investment in Information Technologies (IT), Hitt and Brynjolfsson (1996) and Bharadwaj et al. (1999) among others. Papers that use market value data to investigate the effect of market structure, and the competitive decisions of firms on economic profits are Lindenberg and Ross (1981) , Salinger (1984) , with special attention to the effect of unionization, Smirlock et al. (1984) , and Montgomery and Wernerfelt (1988) , on diversification. Within the management literature, much of the empirical research since the early nineties under the Research Based View (RBV) of the firm has followed these early approaches to the determinants of economic value with little variation. [See Newbert (2007) for a complete list of papers on empirical research.] 3. More recent papers on this topic are Bond and Cummins (2000) , Brynjolfsson, Hitt and Yang (2002) , Cummins (2004) , on IT capital and market value of firms; Toivanen et al. (2002) and Hall and Oriani (2006) apply the early research methodology to evaluate the return from R&D investment to countries outside the US; Villalonga (2004) explicitly links intangibles measured using the Griliches' framework with the sustainability of competitive advantage and the literature on RBV of the firm. A distinctive feature of more recent research is that the definition of intangible assets is not the same for all authors, as is indicated later in this paper.
Bond and Cummins
All approaches to intangibles recognize the complexity of measuring them, either because accounting practices do not capitalize immaterial assets built from expenditures in R&D, advertising and IT as capital, or because firms do not provide separate estimates of costs originated in organizational changes, or estimates of the adjustment costs of investment and growth. Since efficient capital markets will provide an estimate of the stock market value of listed firms, including the value attributed to all kind of assets normally invisible in accounting statements, one approach to valuing the intangible assets of a particular firm has been to observe the difference between its market value and its book value [Hall (2001) ].
This approach has three clear limitations: first, it does not distinguish between immaterial and intangible assets; second, it makes no distinction between economic value and cost of the assets of the firm; and third, it assumes without proof that the rents from the market power of the firm, if any, are all part of the value attributed to intangibles 4 .
Using the market value of a listed firm to value hidden intangibles presumes that investors can observe the internal decisions of firms, or they can use indirect information to estimate the quantity and quality of expenditures in intangibles made by firms, as well as the expected return from such investments. This is a strong assumption, since firms only publicly report, in an item-by-item form, a small fraction of the expenditures on immaterial assets, and none of the expenditures on intangibles. Under current accounting practices, firms often report expenditures on R&D as a separate line of the income statement, but expenditures on advertising, IT, process and organizational innovation, are all aggregated into operating expenses. A more realistic assumption is that the stock market value of the firm does not properly reflect the true economic value of those firms with high investments in immaterial and intangible assets. One way to improve market efficiency would be to change the current reporting practices, and ask firms to explicitly inform investors about stocks and flows of intangibles [Lev and Zarowin (1999) , Healy et al. (2002) ]. However, Kanodia et al. (2004) question the "value-relevance approach" of accounting policy and propose instead the "real-relevance approach", that is, to make recommendations about external reporting practices that induce efficient investment decisions.
The paper approaches the valuation and investment of immaterial and intangible assets using only accounting-related data, since very few of the firms in the data base are listed in the stock market. The paper does not focus on the value relevance of accounting data, but rather on whether we can explain the estimated present value of future profits and also explain the investment behavior of banks. Our accounting-related data come from different sources, the public accounting statements of banks and confidential reports sent by banks to the Banco de España. Next, the data is adjusted to obtain economically relevant measures of profits and costs of the assets. For example advertising expenditures are taken away from the income statement, capitalized and depreciated over time; additionally all assets are valued at replacement cost. The paper then allows us to calibrate the information content of economically adjusted accounting data, compared with that of raw accounting data, and also to asses the convenience of asking firms to disclose complementary data on immaterial assets so that external analysts can use them to explain the behavior of firms (banks in our case). It can be reasonably expected from the outset that banks and firms in general will make decisions, such as the amount invested in a particular asset, using internal 4. This method also presumes perfect capital markets. When stock prices declined after the Internet crisis, most residual intangibles faded away. This appears implausible. One can raise the concern of using highly volatile, noisy and perhaps erroneous stock price data to estimate the economic value of the firm [Bond and Cummins (2000) ]. Most banks in our sample data are not listed on the stock market, so their economic value is estimated using econometric techniques to forecast future earnings. data that will be different from the data reported in external accounting statements, but the expectation should be empirically confirmed, as we do in the paper.
The paper begins with a brief overview of the dynamic model for the value-maximizing, multi-asset firm that incurs adjustment costs for investing in market-purchased assets, and at the same time faces an inelastic demand for the product sold in the market (market power). Adjustment costs play a key role in explaining why existing assets can be more valuable than those sold in the market [Abel (1990) ].
The difference in values provides an estimate for the intangible assets acquired in the process of adjustments needed to make the new investments fully productive. This value of intangibles does not correspond to the economic rents or extraordinary profits of the firm, but to the costs incurred in producing them, so intangibles can also be valued at their production cost. Of course, intangibles may contribute to the market power and economic rents of the firm, but they do so jointly with the other assets of the firm.
The solution to the model provides two main equations, empirically tested using data on Spanish banks in the period 1984 to 2003. One of the equations determines the economic value of the firm (present value of expected future cash flows) as a function of the replacement cost of the assets and of the discounted economic rents from market power.
The other equation determines the investment rate in material assets as a function of the economic value of the firm, of the investment rate of non-material assets and, when the firm has market power, of the opportunity loss of expanding capacity. The two equations allow us to formulate empirically testable propositions around the hypothesis that intangible assets are costly to produce, and around the hypothesis that the economic value of the firm incorporates rents from market power that are differentiated from returns that just compensate for the replacement cost of existing assets. The fact that the propositions can be tested twice, from the valuation and from the investment equations, provides robustness to our conclusions. Moreover, the empirical analysis of the valuation and investment of the multi-asset banking firm, and in particular the study of the economic effects of large investments in IT made by banks, is new in the banking literature.
The paper is related to Lindenberg and Ross (1981) on economic valuation of the firm with market power, although our analysis extends the model to account for multiple assets and for non-zero adjustment costs. Other related studies are Bond and Cummins (2000) , who model and estimate the investment equation of the multi-asset firm, and Brynjolfsson, Hitt and Yang (2002) and Cummins (2004) , who model and empirically test the determinants of the economic value of the multi-asset firm. Our contribution here is the extension of these models to include a more detailed explanation of the relationship between adjustment costs and intangibles, and to allow for the market power of banks.
In the empirical part of the analysis, we take advantage of the available data on training expenditures by banks to provide a direct test of the adjustment cost incurred in investing in IT capital. As indicated, the paper is also related to the literature on the accounting policy of intangibles. The contribution here is, on the one hand, methodological (for example, in terms of identifying the correct valuation and investment model in testing the value-relevance of reporting intangibles) and, on the other hand, conceptual, since it raises the issue of whether the observed behavior of unlisted firms is better explained by conventional accounting variables than by economically adjusted ones.
Our evidence documents the growing importance of IT and, to a lesser extent, advertising capital, among Spanish banks in the past twenty years. Second, the results support the hypothesis that intangibles are costly: those banks that are able to grow faster in the accumulation of IT capital, are the same banks that incur higher training costs for their workers. Third, banks have market power, which implies that the economic value of the bank is above the replacement cost of all the invested assets, including immaterial and intangible assets. The paper provides estimates of this market power, separate from estimates of the replacement costs of immaterial and intangible assets not reported in the balance sheet of banks. Fourth, advertising capital appears as the asset most highly correlated with the economic rents of the banks, together with intangibles from training expenditures.
When the contribution of market power to the economic value of the banks is isolated then advertising only contributes to economic value in an amount equal to the replacement cost of the investment. Finally, raw accounting data does not explain the investment behavior of banks, while economically adjusted data does.
Section 2 presents the basic model of the multi-asset firm that maximizes economic value. It also examines alternative hypotheses for the contribution of market-purchased and internally-generated assets to the economic value of the firm, and derives the investment equations implied by the value-maximization model. In section 3, we provide empirical estimates of the valuation and investment equations, using data for Spanish banks, and test the main implications of the theoretical models. 
where bj is a positive (cost) parameter and aj is the stationary investment rate for which adjustment costs are zero (in general equal to δ ϕ , the depreciation rate Bond and Cummins (2000) . 6. The paper uses "value" as synonymous of willingness to pay. The value of the firm means the willingness to pay for the stream of cash flow expected over time.
( )
Equation (3) gives the first order optimal condition for investment flow in each period t, and it establishes that the value-maximizing investment is that for which the marginal cost of the investment (-Π ' I) equals the marginal return from the last unit of invested capital, given by the shadow price of capital asset j,, λjt. On the other hand, equation (4) is the first order condition for the stock of capital asset j and it states that the marginal return from asset j is equal to the present value of the future expected returns derived from a marginal increase in the stock of asset j. Combing (3) and (4) this marginal return in terms of discounted cash flows is also equal to the marginal cost of investment in asset j.
The dynamic optimization problem has been applied to the study of the investment 
General valuation
Assuming that cash flows are linear and homogeneous in K and I, and that firms face an inelastic demand for the product they sell (market power), in the optimal solution the economic value of the firm satisfies the condition [Bond and Cummins (2000) , Lindenberg and Ross (1981) ].
Where all variables are evaluated at the optimal values and ∑ is the absolute value of the price-elasticity of demand.
If the firm does not have market power, the price elasticity is infinite and the last term of equation (5) 
The first term in (5.1) establishes that the economic value of the firm in the optimal solution is equal to the sum of the contributions to economic value of each market-purchased asset. The contribution of asset j is equal to marginal return λjt times the stock of asset j at the end of the period. The second term is the consequence of substituting the value-maximizing condition of marginal return equal to marginal cost of the asset [equation (3)]. Therefore, in the value-maximizing solution, the contribution of each asset to the value of the firm is just equal to the opportunity cost of the asset, and the economic value of the firm is just equal to the replacement cost of all its invested assets.
The replacement cost has two components, the outlays needed to purchase the services of capital from the market at current prices, plus the outlays needed to install the market-purchased assets to make them fully productive. 
Now, the economic value of the firm in the optimal solution is equal to the market purchase cost of the asset, plus the present value of economic rents from market power 9 .
Investment
Assume first that the firm has no market power. Substituting C ' Ij from (2) in (3) and re-arranging the terms, it gives the optimal investment path of the firm as a function of
8. Equation (5) can also be related to the methodology often used to estimate the return from intangible assets, inspired by Griliches (1981) . Assuming only two assets, tangible A and intangible KI, equation (5) is written as V = λ1A+λ2KI = λ1A(1+λ2KI/λ1A). 9. These economic profits can be interpreted as follows. Let ct be the user cost of capital. Profits in period t are given by Rt -ctKt. The profit maximizing price of the period implies that (p-mc)/p=1/ε, where mc is the marginal cost, equal to average cost under constant returns to scale, mc=ctKt/QPt. Therefore
is the economic profit, after the imputed user cost of capital, of the firm in period t. This result also implies that if the firm earns a return on assets, at replacement cost, equal to the user cost of capital, its economic value will be equal to the replacement cost of market-purchased assets. On the other hand, with market power, the economic value of the firm is equal to the replacement cost of assets plus the present value of expected future economic profits. Lindenberg and Ross (1981) also show that, from Tobin's q, it is possible to obtain upper limits on the measure of market power in terms of the Lerner index,
This equation is the basis of the "q theory of investment" [Hayashi (1982) ].
The optimal (value-maximizing) investment rate decreases with the slope parameter of the adjustment cost function, b, and increases with the value of marginal qj: the ratio between the increase in economic value V from one additional unit of capital asset j (economic value of the last unit invested), and the purchase price of one unit of capital asset j. In the stationary equilibrium solution, the marginal value equals the marginal cost of the asset; thus,
When there is only one asset, under certain regularity conditions, the unobservable marginal q can be replaced by the average q [Hayashi (1982) ] and the value of q is estimated as the ratio between the total economic value of the firm (equal to market value of equity plus debt if the firm is listed on the stock market) divided by the purchase cost of the asset already invested. With multiple assets, the investment function is less straightforward [Wildasin (1984), Hayashi and Inoue (1991), Bond and Cummins (2000)]. Divide both sides of (5) by p1K1t-1, that is the replacement cost of asset 1 at the beginning of the year; after some re-arrangement, the new equation is,
Since the investment in asset j can be assumed to be proportional to the marginal q of the asset, the unobservable marginal q of asset j can be substituted by its investment rate, that is
. Substituting in (6), and again after some re-arrangement,
If asset 1 includes all tangible assets, and the non-tangible assets fully depreciate during the period when expenditures are made (δj=0 for j>1), equation (7) will give the investment rate of tangible assets as a function of average q,
of the asset (the terms on the right-hand side after the negative sign will all be zero). When immaterial assets do not depreciate instantly, and adjustment costs are positive, the investment model of tangible assets as a function only of average q of tangible assets will be mis-specified, unless the investments in immaterial assets are uncorrelated with the economic value of the firm. In general, immaterial assets are part of the investment equation and should not be omitted in the specification of the model. The negative association between investment in tangible assets and investment in immaterial assets, from (7), can be interpreted as showing that average q for tangible assets
will over-estimate the marginal return from investment in these assets, since a substantial part of market value V will reflect the economic value of immaterial assets. When modelling the investment in tangible assets, one must correct for the excess value of ratio q for only tangible assets; the negative coefficients of the investment rates in intangibles provide this correction 10 .
The investment equation can be generalized in the case where firms have market power and the term
is positive. Equation (7) is now written as
where the parameter φ is inversely related to the elasticity of demand and to the expectations about growth of sales and sustainability of economic rents from market power over time.
The last negative term of the investment equation accounts for the opportunity loss that new investment produces in rents from existing assets, due to the lower selling price after increasing production capacity and demand.
Intangible assets
This paper uses the word intangibles in a restrictive way, referring only to those assets that the firm generates internally as an outcome of the adjustment costs incurred in production, and in making new investments fully productive. 
where x is the depreciation rate of the intangible assets and m= f(C) is the flow of intangibles produced with the adjustment costs incurred in period t, which in turn depend on I and K [from equation (2)]. This is a new constraint to be added to the value maximization problem.
10. Hayashi and Inoue (1991) propose an alternative approach to model investment in firms with multiple assets. The approach is based on the idea that firms optimally aggregate all assets into a single measure of capital services, φ(Kt+1). The aggregation method consists of constructing a Divisia index of capital so that φ(Kt+1)=ΣcjtKjt+1 where cj is the user cost of capital.
Maintaining our other assumptions, if zj is the Lagrange multiplier (shadow price) of (9),
The marginal cost of investment in asset j [the right-hand side of (3.2)] is now lower, since investment produces an externality in the form of valuable intangible assets.
The externality is equal to the shadow price of one unit of intangible (marginal return, z) we have λjt = pjt. In the optimal production of intangibles the marginal return of the market purchased asset is just equal to the purchase price of the asset, and the marginal adjustment cost of the market-purchased asset is driven to zero. This result would be modified if one realistically assumes that the accumulation of intangible assets has its own adjustment costs so, as in Prescott and Vischer (1980) , it would be the cost of accumulating intangibles that limits the growth of the firm.
Assuming no market power, and that adjustment costs endow firms with valuable intangible assets, the economic value of the firm in the optimal solution [equation (5)] will be given by
where z = 1/f'C. Equation (5.2) is a special case of (5.1) where λjt = pjt [from (3.2)] and the value-maximization problem has the additional constraint (9) that describes the process of accumulation of intangible assets over time. Since Mj is the intangible generated from the investment in asset j, it can be expected that this stock of intangibles will co-vary with the stock of asset j. Assuming that M is proportional to K, and that the proportion is in turn equal to the marginal change of m with respect to I, then M = sK = f'I K = f'CC'I K. Substituting in (5.2), the economic value of the firm is given by,
Under the above assumptions, the contribution of intangibles to the value of the firm is just equal to the adjustment costs incurred in the investment process.
To illustrate the former results consider a firm that trains workers in the use of computers. Training costs are part of the adjustment costs of investing in computers, so from (9) one can estimate the replacement cost in human capital through training activities.
Such costs will also be part of the optimal economic value of the firm, just as are the replacement costs of machinery or other physical capital. The return for the firm is in the form 11. This result follows from the new first order condition with respect to I, -Π'I (K, M, I) = λjt + zj f'Ij(C) and therefore λjt = -Π'I (K, M, I) -zj f'Ij(C). It is assumed that adjustment costs C always originate as a consequence of investment in market purchased assets.
of lower marginal adjustment costs and higher investment rates in computers, according to (3.2). Computers are more valuable, when used by trained workers, than they would be without training (the difference between installed and uninstalled market purchased asset), but firms incur a cost to achieve such increase of value. In a competitive market, where firms are price takers, cost and value are expected to be equal and, consequently, long term profits will be equal to zero. Application to the Spanish banking industry
Data
The framework of the measurement and determinants of economic value and the investment rate of firms, presented in section 2, is now applied to data on Spanish commercial and For banks with market power, the valuation and investment equations depend, among other variables, on revenues from sales. Banks can have market power on both loan and deposit markets, so for each bank, data are collected on interest paid on deposits ID, and on gross profit margins in loans (interest on loans minus opportunity cost of loans at the interbank interest rate), GLP; the gross margin of loans is used, rather than total revenue, in order to avoid double-counting, since compensation to deposits is one component of the cost of loans.
For certain years during the time period, banks also report individual data on training expenditures, which will be used to obtain a proxy for adjustment costs. Since a year-by-year variable of training expenditures is not available, the proxy is constructed using a dummy variable that takes the value of 1 for a bank that expends in training per worker an amount which is above the median of the distribution of training expenditures per worker across banks (KH high = 1), and 0 for the remaining banks (KH high = 0).
Only a few of the banks in the sample are listed on the stock market. Since the market value of the bank based on the market price of issued shares is not available, the fundamental economic value of the bank, equal to the discounted present value of future expected cash flows, must be estimated using earnings forecasts and discount
12.
For a full description of the data see Martín-Oliver, Salas-Fumás and Saurina (2007) . See also the Appendix of this paper for a summary of the method followed to obtain the adjusted economic data on banks.
factors for each bank in the sample. Other studies [Abel and Blanchard (1986) , Bond and
Cummins (2000)] have questioned the use of share price to obtain estimates of the economic value of the firm, even when they are available arguing that share price only reflects the fundamental value of the firm under perfect financial market conditions. In this paper, we do not have that option, but the method used to calculate economic value is validated through its use in previous studies.
The economic value of the bank will be set equal to the present value of the predicted future profits, discounted at the cost of capital of the bank. In this paper, we follow the approach of Abel and Blanchard and forecast the future earnings of each bank using an ARIMA econometric model. The economic value of a bank i in year t is then calculated as follows, ξ is the discount factor of each bank, inversely related to the opportunity cost of capital of that bank at time t. The opportunity cost of capital of the bank is equal to the risk-free interest rate plus a risk premium that takes into account the risk of loans plus the risk from debt leverage. Adjusted profits are obtained from accounting profits reported by banks modified as follows: adjusted profits = accounting profits + expenditures on advertising and IT + amortization -estimated economic depreciation of material and immaterial assets at current purchased cost. From t+3 onwards, the level of profit of banks is calculated applying a constant expected growth rate i ρ to the average of the predictions for t, t+1 and t+2, t i P . It is assumed that this rate of growth of profit is equal to the profit retention rate times the long-run Return Over Equity (ROE). The proxy value of the long-term growth rate it ρ is obtained assuming that banks retain one half of their earnings, and further assuming that the long-term ROE is equal to the average of the ROE of the last three years. The long-term discount factor it ξ has been approximated to the average of the opportunity cost of capital of the bank in the previous three-year period 13 . Table 1 provides year-by-year statistics of the estimated economic value, V, and of the market purchased assets at their estimated current purchase costs, for each year from 1984 to 2003 (in thousands of euros). All values are at current prices. Roughly, in the twenty-year period, the median-estimated economic value per bank, and the median-estimated replacement cost of each asset, are multiplied by a factor of ten or more, except Financial assets, which have grown at a much faster rate, and Commercial capital, which has multiplied its median by a factor of 8.3. The relative importance of immaterial assets (IT and Advertising Capital) has grown with respect to Physical capital, though the 13. In order to test for possible biases in our measure of the economic value of banks, for those banks listed on the market, we estimate the actual market value of the bank as the product of share price and number of issued shares at the end of each year. Then we postulate and estimate a linear equation model, where the dependent variable is the actual market price, Market, and the explanatory variable is our estimated economic value of the bank, Econvalue.
The results of the estimation are Market . . Econvalue = 8 + ⋅ 469 107 (87 observations). The null hypothesis of intercept equal to zero and slope equal to one are not rejected at the 5% level of significance or less. Therefore, we have no evidence that our estimate of the economic value of banks is a biased estimate of their market value if they were listed on the stock market.
latter remained the principal asset component in 2003 14 . Table 2 has a similar structure, but for investment rates. These rates differ across assets, low for physical and financial assets, high for IT and advertising; these differences in investment rates reflect differences in depreciation rates and cross-substitution among assets. The descriptive data are completed with Table 3 , which provides information on the ratio between the economic value of the bank and the current purchase costs of all assets listed in Table 1 (average Tobin q for the aggregation of all assets). Since q equal to one is the benchmark for zero economic profits (assuming no adjustment costs), the median Spanish bank earns extraordinary profits in almost all the years of the period. Extraordinary profits start high (q ratio close to 3) and disappear in the middle period (the value falls to 0.94 in 1994), when the country was starting to come out of a serious economic recession. Finally, they rise again at the end of the sample period, but remain at values lower than 2. Increasing competition in the last part of the period (coinciding with the full liberalization of the banking sector) compressed economic profits, but not to the point of falling to zero. The coefficient of variation, standard deviation over mean, and the percentile range, also decrease over time, indicating convergence in economic profits across banks. Table 3 also shows, for comparison, the mean and standard deviation of the Tobin's q if it was computed using the accounting net profit (without adjustments) to estimate the economic value of the bank (present value), and using book value of equity in the denominator. We observe the same trend in both variables, but the Tobin's q at book value for the median bank is always substantially higher than that calculated with assets at replacement-cost. Accounting profits are lower than adjusted profits, since, in the former, advertising and IT expenditures are considered costs of the period and, in the latter, they are investments to be capitalized. Therefore, economic value is lower with accounting profits than with adjusted profit. On the other hand, equity at book value is much lower than assets at replacement costs.
Empirical model and econometric issues
There are two equations to be estimated, equation (5), with variations on intangibles, (5.2), that corresponds to the economic value of the bank, and the investment equation (8).
VALUATION
The standard approach in the literature has been to estimate the economic value of the firm as a function of the assets in the balance sheet at book value, or at replacement cost. Using our notation the equation to be fitted to the firm level data is written as
where αj are the parameters to be estimated. According to the results in the theory section, this empirical model ignores two sets of additional explanatory variables, intangibles and revenues. To simplify the exposition, assume first that banks do not have market power so the true model is (5.2), 
where a and v are non-negative parameters. Zero-adjustment cost implies that the estimated coefficient in model (5.3) will be αj = 1 + νj. Consequently, νj = αj-1 gives the monetary units of intangible assets generated by measurable asset j.
When the realistic assumption of adjustment cost is restored, from (5.1), the estimated coefficient in (5.3) would be αj = (1 + C'Ij). Consequently αj-1 = C'Ij provides an estimate of the marginal adjustment cost of investment in asset j. Cummins (2004) assumes that intangible assets are unobservable and independent of the stock of asset j.
However, the value-maximizing condition requires that the marginal cost-adjustment of investment C'Ij be equal to the marginal return from intangibles built around asset j.
Therefore, according to Cummins, αj-1 provides an estimate of the marginal return from intangibles, as opposed to Brynjolfsson, Hitt and Yang (2002). Now, the total replacement cost of intangibles accumulated through the investment process in asset j would be equal to ( ) If banks have market power, the omission of revenues from loans and deposits in the empirical equation (5.3) will be another source of miss-specification. Revenues are expected to be correlated with the other assets if they contribute to increase demand and/or make it less price elastic (for example, through advertising) and, consequently, the estimated coefficients of the explanatory variables in (5.3) will over-estimate the marginal adjustment costs of intangibles.
The actual model to be estimated is formulated as follows, 
where sub-index i refers to the bank and t to the time period. The equation is formulated in logs, since the estimated value of the elasticity µj will provide a direct estimate of the relative contribution of asset j to the economic value of the bank,
Super-indices Ph, IT, Ad and FE are the identifying labels of Physical, IT, Advertising and Financial types of capital, and ID and GLP stand for deposit interest and gross loan profits, respectively. The error term is made up of three components: η ι or bank-specific effects that control for unobserved heterogeneity across banks; mit, that accounts for the measurement error in the calculation of the value of the capital stocks and, finally, ε ιτ , a random term that captures productivity shocks, measurement errors of the dependent variable, and other disturbances not explained by the model. The elasticity µj is expected to be non-negative. It is assumed that the elasticity of the economic value to the stock of asset j is constant over time and equal across banks.
Time-dummy variables and firm-specific fixed effects capture time-varying factors common to all banks, and bank-specific effects constant over time. Market power of banks in the deposit and loan markets imply d1, d2>0. Finally we have c1>0 and c2<0 from the assumptions of training expenditures as a source of adjustment costs.
The estimation of (11) with the OLS techniques, and the like, will produce biased estimates of the parameters, since the explanatory variables are correlated with the error term (productivity shocks, in εit, affect both the value of the firm and the investment policy and, consequently, the value of the capital stock). In addition, measurement errors (mit) are correlated by definition with the explanatory variables. Finally, another source of potential correlation arises due to the existence of bank-specific effects in the error term that control for unobservable heterogeneity and can be correlated to the explanatory variables, leading to inconsistent estimates of the parameters 16 . The standard econometric solution to these potential estimation problems is to take first differences, to eliminate unobservable firm-specific effects, and use lagged values of the variables as instruments. However, it has been shown that if the persistence 17 of the variables that enter into the regression is high, then the lagged values are no longer good instruments for the first differentiated variables, and this gives inconsistent estimates of the parameters. Blundell and Bond (1998) propose additional orthogonal conditions that are instrumented through the so-called System-GMM estimator, and assure consistent parameter estimates in the presence of a high degree of persistence of the variables. Model (12) is then estimated using the GMM system. (2002) argue that firms' fixed effects should not be eliminated from the regression since part of the intangible assets of the firm may be part of the idiosyncratic component of the valuation model. However, if omitted variables are correlated with the explanatory variables included in the regression, the estimated coefficients of the latter will be biased. Since bank fixed effects can always be recovered from the residuals of the regression, if needed, we opt for an estimation procedure that eliminates the fixed bank effects from the estimation (first differences in the variables) in order to minimize estimation bias in the parameters. 17. The degree of persistence of a variable refers to the dependence of the new values on its past history. Suppose that the variable xt is explained by an autoregressive stochastic process; persistence is higher as the coefficient of the lagged variable is closer to one.
Brynjolfsson, Hitt and Yang

INVESTMENT EQUATION
The empirical specification of (8) As investment rates present a large cross-section and time-series variation, the System GMM estimation technique is not required here, and the investment equation will be estimated with the first-differenced GMM estimator using as instruments the lags t-2 and t-3 of the explanatory variables.
Results
The results of the estimation of the valuation equation are presented in Table 4 . Column 1 shows the estimated elasticity when the economic value is explained only as a function of the stocks of market-purchased assets. The estimated elasticity is statistically significant for the four assets, and the estimated values are in a range between 0.18 and 0.27.
Therefore, according to this estimation, the relative contribution of each market-purchased asset to the economic value of the bank is similar for all, and in a range between 18.3% and 26.6% of the total economic value (the equal elasticity and sum of elasticity for all assets equal to 1 hypotheses cannot be rejected, p values of 0.95 and 0.27, respectively). Summarizing the results from column 3 of Table 4 , the economic value of banks in the sample is distributed in value attributed to assets used in production and sales, and value attributed to market power as follows: in banks with low training expenditures, 18% to Physical assets; 27% to IT; 24% to Financial assets (residual equity); and 24% to market power. The estimated contribution of advertising is 8%, but the value is not significantly different from zero. In banks with high training expenditures, the contribution of IT is 12%
(not statistically significant), but their economic value is 10% higher than banks with low training expenditures, a difference in value that can be attributed to the cost of the increase in human capital that results from the higher training intensity.
INVESTMENT
We now turn to the investment equation, Table 5 . The sequence of estimated empirical models parallels that of Table 4 and, over all, the results of the valuation and investment equations are mutually consistent and consistent also with the theoretical analysis. 19. Martín-Oliver, Salas-Fumás and Saurina (2006) report the Lerner index for loans by Spanish banks as being much lower than the Lerner index for deposits, not counting the unremunerated deposits, which are consistent with the finding of this paper of a higher contribution to economic value for rents from deposits than for rents from loans.
The estimated coefficient of
Column 3 of Table 5 shows the results of the estimation equation when the variables that control for market power are added to the empirical model. The coefficient of ID, interest on deposits, is negative as expected, while the coefficient of gross profits in loans is now non-significant. The results are consistent with the market power of banks in deposit markets.
Adding the market power variables increases the estimated coefficient of the (the calculation takes into account the different depreciation rates; 0.35 for IT and 0.03 for Physical capital). In the case of advertising, the estimated coefficient in the investment equation is only marginally statistically significant.
MEASUREMENT OF INTANGIBLES
Section 2 shows that, under certain assumptions of proportionality between the stock of unobservable intangibles and the stock of observable market purchased assets, it is possible to obtain the estimates of the hidden intangibles from the estimated marginal return of measurable assets. It is clear that the relative contribution of asset j to the economic value of the bank µj includes the purchase cost of the asset and the adjustment cost of intangibles built in the process of investing in asset j:
Therefore, the relative importance of intangibles, at production cost, in the economic value of the bank, is given by
. That is, the intangibles from the market-purchased asset j, relative to the economic value of the bank, are equal to the difference between the elasticity of economic value of the stock of asset j, minus the ratio of the stock of asset j at market purchase price over the economic value of the bank.
The calculations of the difference between elasticity of economic value to the stock of asset j, and the average ratio of purchase cost of the asset to economic value, give the following results (the p value of the test of the null hypothesis that the difference is equal The economic valuation and the investment behaviour of banks could also be examined using raw accounting data publicized in the externally reported balance sheet and income statements. It might happen that expenditures in IT and advertising create assets that depreciate within the year, so the two are properly reported as costs of the period.
And that the book value of the reported assets was the right measure of their replacement cost. In fact, those that value intangible assets as the difference between market value and book value of the firm implicitly assume that all market purchased assets are reported at current or replacement costs. One way to investigate the relevance of the adjustments made in accounting data to measure material and immaterial assets and value them at their replacement costs, as it is done in this paper, is to see whether or not the value and investment behaviour of banks are explained by raw accounting data, and compare the results with those obtained using economically adjusted data.
In the asset side of the balance sheet we can identify two types of resources, Table 3 ). Table 6 shows the results of the estimations. If one uses raw accounting data in explaining the economic value of banks the conclusion will be that the only resource that significantly contributes to the economic value of banks is the physical capital with 25% of the total value. Market power on the other hand appears to contribute as much as 50% to the economic value, a clearly unreasonable result. Most likely this variable is also capturing the contribution of the rest of immaterial assets not fully captured by the observable book valued physical and financial assets. In the investment equation estimation using raw accounting data none of the explanatory variables is statistically significant at the 5% level or less, so the raw accounting data can not explain the flow of investments.
21. Brynjolfsson, Hitt and Yang (2002) find that one dollar of stock of IT capital generates almost 12 dollars of intangibles in their sample of US firms, not controlling for market power. Our estimate of this measure of intangibles (weighted for banks with high and low training expenditures) is 9 euros of intangibles per euro of IT capital, after controlling for market power. 22. Notice that the net marginal contribution of Financial assets to economic value is -9%, statistically significant at 13%. Apparently banks are unable to obtain a return above the opportunity cost for the financial assets where they invest the regulatory capital in excess of that used to finance directly productive assets (i.e. in excess of that invested in branches, IT, advertising).
On the other hand, the investment equation using economically adjusted data behaves as expected according to the theoretical model. It is clear then that economically adjusted and, extended, data on material and immaterial assets are relevant to explain the investment behaviour of banks.
Conclusion
The importance attributed to intangibles in the modern firm is as great as the lack of One important limitation of the paper is that these banks are not listed on the stock market and, therefore, the market value of equity as an external estimate of the economic value is not available. The application of the framework to listed firms would allow extending the empirical analysis to issues such as the value-relevance of intangibles. A second limitation of the paper is that training expenditures are only partially approximated. Such expenditures prove to be a good proxy for the adjustment costs of growth, and it would be quite important -in terms of refining the results-to have more detailed year-and bank-level data on the total training expenditures of banks. Notes. (*) = Significant at 10% (**) = Significant at 5% (***) = Significant at 1%. 1 stand for the investment of IT, Advertising and Financial assets with respect to the stock of physical capital at the beginning of the period.and IDit, GLPit are, respectively, the value of the deposit interests and gross loan profits of bank i at time t. We present the estimations of the valuation and investment equations using raw accounting data (Book version) and using data at replacement cost (Econ version). The econometric procedure followed to estimate the valuation and investment equations are explained in Table 4 and 5, respectively. P-values of the tests of Sargan and lack of second-order autocorrelation are presented at the bottom of the table.
Notes. (*) = Significant at 10% (**) = Significant at 5% (***) = Significant at 1%. Standard errors in parentheses. This computation of the net capital services is exact when the depreciation of the asset is exponential at rate φ. The actual application of the formula requires finding data on investment flows, prices, depreciation and technological progress rates.
Econ version
In the case of physical capital (buildings plus non-IT fixed assets) investment flows of period t are set equal to amortization of physical capital in period t, as reported by the bank in the income statement, plus the difference between net book value of physical assets in year t and year t-1. For IT capital, a distinction is made between booked IT assets and IT expenditures expensed in the income statement. For booked IT assets, we assume that book value is equal to replacement value, while IT expenditures are capitalized using the permanent inventory method. Total IT capital of year t is the sum of the two stocks. Finally, the flow of advertising capital is the year expenditure in advertising as reported in the income statement of the bank.
The term (1-φ)/(1+µ) is substituted by (1-δ) where δ is the overall economic depreciation rate. The value of δ is 0.03 for buildings, 0.15 for fixed assets different from IT, 0.35 for IT capital, 0.35 for advertising capital. These values are in line with others used in the literature. The price index of buildings is taken from the Ministerio de Fomento and the price index of other non-IT fixed capital is set equal to the price deflator of gross capital formation. We assume that the price index of quality-adjusted IT capital is zero, and the price index of advertising capital is the price of market services published by the Spanish Institute of Statistics. The zero inflation rate of the price of IT capital services departs from the 15% to 20% decline assumed in other studies with US data, Litchenberg (1995), since, in Spain, general inflation is much higher than in the US and technological innovations are usually introduced at a later time.
